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The Pharmaceutic Utilization of Materials Derived from 
Human Erythrocytes* 


By Robert D. Barnard’ 


By the end of 1943 over one million volun 
teer blood donors had each given one or 
more pints of blood for use by the armed 
During that year the energies of the 
technical staffs of the concerned 
were directed toward the periection Ol eco- 
nomical collection and efficient plasma 
processing techniques. Little attention was 
given to the possibilities of that 50 per cent of 
whole blood not as yet widely utilized in the 
treatment of war injuries but which repre 
nevertheless, a wealth of material 
pon whose salvage the ultimate fate of 
lasma banking may depend. 

Some portion of the failure to carry out 
in intensive program aimed at the utiliza 
tion of such a wealth of species specific pro 
tein as is represented by the erythrocytes 
discarded from plasma processing undoubt 
edly could be attributed to the uncertainty 
as to the future of the plasma program. 
While this uncertainty has not entirely dis 
appeared it seems probable that extensive, 
if not large-scale, blood banking is here to 
stay 


forces. 


agencies 


sents, 
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In 1936, the first blood bank in this 
country was set up at the Cook County 
Hospital by the late Dr. Bernard Fantus, 
who saw clearly the direction of the evolu- 
tion of the institution. At the time of the 
founding of the blood bank, he directed that 
studies aimed at the utilization of waste 
human corpuscles be undertaken and he, 
himself, outlined the nature of these studies. 
With respect to his foresight, it may be 
said that there has been no departure in 
blood banking or in its subsequent de- 
velopment which was not original with Dr. 
Fantus. The outlines of the directions 
such work was to take were drawn up in 
1936 and have been modified only in slight 
detail as work progressed along with con- 
comitant advances in our knowledge of 
pharmaceutic and blood pigment chemistry. 


EXPERIMENTAL 


[he present report consists of a review of the 
work started in 1936 (and carried through until the 
fall of 1940) on the fractionation of human erythro- 
cyte residues from the blood bank at the Cook 
County Hospital. It outlines the principles of 
these fractionations, lists.and describes some of the 
products prepared and indicates possible pharma- 
ceutic uses to which the fractions obtained may be 
put. It is important to emphasize that little clini- 
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een stated above, ration of all other derivatives to be described. 
remo ls yt practiced It 1 These may be divided into four major categories 
ibout + trat ias been emploved those of 2A, ferrihemoglobin; 2B, ferrohemoglobin ; 
yA t f 1 suitable osmotically acti 2C, hemoglobin peptone; and 2D, porphyrins. The 
lloid for pla . substitution. For this purpose, relationship of these derivatives is shown in Fig. 3 
trace of 1 1ining toluene which has so far acted 2A. Ferrihemoglobin.—By the addition of 1 
to inhibit putr tio ist now be removed. Thi equivalent of alkali ferricyanide, undenaturated 
val 1 f { yy Si vaporation of watet oxyhemoglobin in solution is converted completely 
til t ition is about two-thirds of its original ind almost instantaneously to ferrihemoglobin 
volume, or unti »t detectable therem commonly termed methemoglobin). Other oxidiz- 
he original vo is then restored by the addition ing agents promote the same change but almost 
i water invariably with an accompanying denaturation of the 
Five millimolar oxy] ywlobin is a convenient globin portion of the molecule. During the course 
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intermediary of ferrohemoglobin) to ferrihemoglobin, 
the added ferricyanide is reduced to ferrocyanide 
and the latter is not removable from the solution by 
subsequent dialysis or any other simple expedient 
Its presence appears not to affect the utility of the 
ferrihemoglobin solution or the products made from 
it, but it might introduce a theoretic objection 
to the use of such solutions parenterally. Although 
these objections would seem to be overruled by the 
relative nontoxicity of ferri- and ferro-cyanides, pure 
ferrihemoglobin solutions may easily be prepared 
without the introduction of extraneous materials, 
by the anodic oxidation of ferrohemoglobin solutions 
(7 

Ferrihemoglobin undergoes a series of clear-cut 
chemical reactions all of which afford suggestion 
for its possible use in human therapeutics. It reacts 
with low ionic volume hydroacid anions such as 
cyanide, cyanamide, cyanate, fluoride, fulminate, 
azide, thiocyanate, hydrosulfide, hydroperoxide 
hydroselenide and nitrite (as nitro ion) to give rise to 
undissociated and comparatively nontoxic deriva 
tives (3A Ferrihemoglobin is deliberately formed 
im vivo, by the administration of nitrites or methyl- 
ene blue for the antidoting of cyanide poisoning (8 
In this case its advent in the circulation has the 
valid objection that it is formed at the expense of 
the respiratorily active blood pigment For this 
reason it might better be administered, preformed 
for the purpose. Ferrihemoglobin in solution also 
reacts with the heavy metals of the 5 family of 
Groups I and II of the periodic system of elements 
to form stable and nontoxic compounds which have 
a very low degree of dissociation into their original 
components (3B It is therefore not inconceivable 
that ferrihemoglobin might act as a specific antidote 
for acute poisoning by these elements 

Ferrihemoglobin solutions may be reduced to dry 
ness without denaturation by the common ice 
drying or lyophilization procedure and thus the 
material is amenable to storage and indefinite pres- 
ervation 

2B. Ferrohemoglobin (Reduced Hemoglobin). 
Ferrohemoglobin is an electronated form of ferri- 
hemoglobin and a deoxygenation product of oxy- 
hemoglobin. Its solutions are unstable unless kept 
out of contact with oxygen, the tension of which 
in the atmosphere is sufficient to convert it com- 
pletely to oxyhemoglobin. The latter undergoes 
spontaneous denaturation either in solution or in 
the dry state to ill-defined ferrihemoglobin conju- 
gates. Ferrohemoglobin solution when kept oxygen- 
free may be stored indefinitely without denaturation 
even if grossly contaminated, a fact first pointed out 
by Gamgee (9) and since amply confirmed n 
addition, ferrihemoglobin is the only naturally oc- 
curring form of the blood pigment which can be 
dried without loss of its property of combining 
reversibly with molecular oxygen on subsequent 
resolution (10, 11 

Other than for the implications presented by the 
last fact, little consideration has been given to the 
possible uses of ferrohemoglobin in human thera- 
peutics. Solutions of the material, when injected 
into the circulation, might have some slight theo- 
retic advantage over oxyhemoglobin solutions 
in the treatment of carbon monoxide poisoning 
The technical difficulties of the preparation and 
administration of the pigment in this form, how- 
ever, would offset the advantage over oxyhemoglo- 
bin solutions, which in any event are converted to 
ferrohemoglobin in the capillaries of the systemic 
circulation 


Following the report of the absorption of iron 
after intestinal instillation of whole blood to human 
subjects with hypochromatic anemia (12). enteric 
coated capsules of ferrohemoglobin powder have 
been recommended as a possible hematinic (13 
Its efficacy for the purpose has not been learned. 

Coextensiv e with experiments devised to supple. 
ment the iron intake with enteric coated capsules of 
ferrohemoglobin, have been those in which dried 
human oxyhemoglobin has been administered 
without enteric coating protection. The author has 
objected to the merit of the procedure since OXy- 
hemoglobin (even if it has not been completely 
denatured by the drying process) is acted upon by 
the gastric juice to form the insoluble ferriheme 
chloride (vide infra; hemoglobin peptone), the 
ferric iron of which appears to be not available 
at least on enteral administration ; 

More recently, the administration of ordinary cap- 
sules of ‘‘defatted’’ crude ferrohemoglobin as a 
hematinic has been under consideration (14 The 
iron in this pigment is ferrous and an acid gastric 
juice will react with it to form ferrous chloride. 

he tron in ferrohemoglobin is combined with 
the pyrrol nitrogens of the porphyrin ring by ionic 


bonds exclusively (15 For that reason, treatment 
of the pigment with weak acid will remove the iron 
and furnish protoporphyrin The treatment of 


ferrohemoglobin solutions by acid is the basis of two 
methods for the laboratory preparation of the 
fluorescent pigment (16, 17).? 

While protoporphyrin and the derivatives ob- 
tainable directly from it are not species specific and 
can therefore be prepared for any purpose from any 
vertebrate blood (the same obtains for the ferriheme 


derivatives to be described) they will be incor- 
porated for completen¢ in this report since their 
preparation fits with facility into the entire scheme 
of the prosecution at the same time and in the same 
laboratory as the preparation of the distinctly 
species specific blood pigment derivatives 


2C. Hemoglobin Peptone, Ferriheme and Glo- 
bin.——In this category, there is lumped for conveni- 


ence in classification, all derivativ of hemoglobin 
obtained through proteolysis whether this be the 
result of ionic or enzymatic hydrolysis rhe initial 


stage of such cleavage is to yield a low molecular 
ht ferriheme derivative and globin. Ferriheme 
is the starting point for the preparation of the ferri- 
hemochromogens, to be discussed further on, and 
as such it is an extremely important chemical. Un- 


fortunately its preparation in reasonably pure form 


weig 


and in sufficient quantities for pharmaceutic use 
is an expensive procedure calling for relatively large 
volumes of glacial acetic acid In order to provide 
the enormous quantiti of crystalline ferriheme 
chloride (hemin) that may ultimately be essential, 
the need for suitable methods for the preparation of 
this substance is a pressing one. Ferriheme chloride, 


until now a laboratory reagent of very limited ap- 
plication |viz., in the preparation of hemoglobinome- 
try standards (18, 19), a color reagent for reducing 
sugars (20), and a precipitant for certain alkaloids 
(7) may develop extensive utility since it enhances 
the effect of certain endocrin« products 21, 22 


and is being used in the preparation of at least one 
experimental “‘depot’’ insulin product (23 It is 
since the elaboration of the latter method for the prepara 
tion of protoporphyrin (17) one of even greater expediency 
has been developed Dry ferrohemoglobin, when treated 
in anhydrous alcohol suspension with hydrogen chloride 
yields a pure protoporphyrin hydrochloride solution 
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fj unlikely that the future human globin production to (also in some instances with ferriheme or the 
onal meet pharmaceutic needs will furnish adequate sup- _ferrihemochromogens). The ferridehemoglobins 
lan . 


atest olies of ferriheme from this source since globin makes are spectroscopic entities and are much more stable 
Tic y* | . . ‘ . . . . . a2 
=a «n 96%, Whereas heme only the remaining 4%, in solution than is ferrihemoglobin itself. Since 


ave ny weight, of the hemoglobin molecule. More likely the pharmacodynamic action of the hydro-acid 








i ™ the waste erythrocyte paste of the packing industry anion is curtailed by ferrideheme formation (prob- 
upple- will be exploit c Simple acid hydrolysis of ferri ably the manner in which they exert their pharma- 
ales of hemoglobin indirectly, also, of _oxyhemoglobin codynamic effect) the ferridehemoglobins are not 
dried yields crude eagle soerage = globin a has been toxic. Whether they should present any distinct 
stered shown recently th at orally administered protem advantage over the unconjugated pigment as 
or hac hydrolysate s ar es tive in the parte eee ol hypo osmotic ally active colloids, has not been put to ex- 
. oxy. | proteinemua “ Giobin is not a biologically com perimental trial. The existence of a ferrihemoglobin 
sletely plete prote in, but it  hydroly sates are used for the thiocyanate taken in conjunction with the reputed 
on by supplementati yn of other rye cleavage mixtures efficacy of the anion in the treatment of spastic 
iheme | to its essent il amino acid histidine. Ferrihem« hypertension suggests the trial of the ferridehemo- 
= sidues from this source are as yet a potentiality, globin in that connection while the cyanamide de- 
ilable mly. Globin, from animal sources, in human thera- _rivative, because of the peripheral vasodilator prop- 
' | yeutics does not offer much promise of exploitation erties of the anion, suggests itself in the experimental 
y cap- since, theoreti illy at least, th y do not offer th therapy of those conditions where peripheral vaso- 
as a advantage a nonallergenicity for human being depressor activity might be desirable as in Ray- 
The ifforded DY on globin ; naud’s disease and Buerger’s disease. 
astric The last is already employed extensively in the 
loride, preparation of a “depot” form of insulin (Globin papi e I.—DERIVATIVES OF FERRIHEMOGLOBIN 
with insulin BW & Co.) and experimentally in modified rei 
hg peep plnetdpement ae eape seascape (3A) FERRIDEHEMOGLOBINS 
tment tution (25) and as a tanning agent in the plasma or ' 
e iron | sfum exudative skin condition ) econd or ‘ Azide ferridehemoglobin 
nt of third degree burns; the fibrinorrheic dermatidites (b Cyanamide (carbimid) ferridehemoglobin 
S to 2D. Protoporphyrin. Protoporphyrin may be y Cyanate ferridehemoglobin 
f the | prepared most conveniently from dried ferrohemo d) Cyanide ferridehemoglobin 
. globin 2B Protoporphyrin hemoporphyrin é Fluoride ferridehemoglobin 
s ob. lution has been a Ivor ited as a therapeutic agent f Fulminate ferridehemoglobin 
cand | by European authors but ha had little application (g Hydroperoxide ferridehemogiobin 
n any in this country Its olution and those of certain h Hydroselenide ferridehemoglobin 
iheme f its modifications have a brilliant red fluor i) Hydrosulfide ferridehemoglobin 
ineor ence, and were the material sufficie ntly plentiful it } Hydroxide (alkaline methemoglobin) 
their ight find ap] lication in commerce or the arts ferridehemoglobin 
heme While there are no anemias on rece rd which have K Guanidine ferridehemoglobin 
ame as their basis the failure of protoporphyrin synthe l Creatinine ferridehemoglobin 
inctly sis, the effect of porphyrin on certain obscurs m) Creatine ferridehemoglobin 
ynemias might be worthy of trial. Other derivative n) o-Benzoic sulfinide ferridehemoglobin 
f porphyrin which may be utilizable . therapeuti ( Thiocyanate ferridehemoglobin 
Glo- ally are listed later in this report along with other 
iveni nonspecific blood pi it derivatives whose prepa 3B) METALLOFERRIHEMOGLOBINS 
slobin ration from nonhuman blood sources may be mort 1) Copper ferrihemoglobin 
. the udvantageou Cadmium ferrihemoglobin 
— In Table I, the known derivatives of ferrihemo ( Zine ferrihemoglobin 
cular globin are tabulated hese fall into two categories, d) Mercury ferrihemoglobin 
heme 4, the ferridehemoglobins and 3B, the metallo é Silver ferrihemoglobin 
terri ferrihemoglobi \ tautomer. of ferrihemoglobin f Gold ferrihemoglobin 
and salso thought to exist 
Un 
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3A. Ferridehemoglobins.—-These are the reac 3B. Metalloferrihemoglobins. Of the seven 
tion products of ferrihemoglobin with the low ioni metalloferrihemoglobins (26) tabulated in Fig. 4 
epara volume hydro-acid anions previously enumerated, in addition to those of the heavy metals, one with 
liency all of which, in their ionic form, are tissue asphyxi beryllium appears to exist), only the silver and 
ede. | ants (8) and all of which are rendered inert in thi mercury derivative have been prepared in any state 


regard by their combination with ferrihemoglobin of purity and have had any clinical application 
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which has been limited to their uses as a mild 
silver (27) and a mild mercury protein, respectively 
In this connection, the derivatives of beef 
globin have been employed but more recent 
human metalloferriher 


of the 


ict 


y the 


investiga 


| lo 
, 

| 

1oglobins are under 
tion becaus« possibility of their finding a 
place in parenteral therapy and the desire, in such 
usage, to circumvent possible allergenic complica 
tions. Zinc, copper and cadmium ferrihemoglobin 


have no conceivable use at the pr ent time i id, 
in fact, have not been prepared in a pure form 
4. The Hemochromogens (Fig. 4 The iron 


porphyrin nucleus of hemoglobin or a radical almost 
chemically, is ubiquitous in living 
[t is the prosthetic nucleus not only of 
the vertebrat« in ome 


invertebrate) circulating 
piratory 


pigment but also of the cytochror 
the internal respiratory enzymes of 


ull cells. Iti 
ntial portion of the 


identical with it, 


st} : 
ubdstance 
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enamel It yt strange that early atte ‘ 
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prepared i rystalline for ht in therapeuti 

Bro Loeve hart Zo Lait ist ilkaline 
olutio f “tT atir intrav usly with toxi 
fect they, in fact attributed the paroxy ol 
malaria to a liberation of fert from the para 
iti é ocyte Warburg (29 howed that 
1¢ t I ii eTl | TO Ort a‘ ‘ } ro i i 
respiratory catalyst it no thera tic application 
of t é t is con Pilocarpin )), 
il izolyl ind physostig /) conjugate 
have be prepared. Fischer (32) synthesized ferri 
n i tabl it ru iral for la, thoug! 
the brilliant investigations of Willstatter 3) and 
Kuster (34) paved the way for this contributior 


and Barnard (35) attempted the antidoting 


[ it 
of cyanide poisoning in dogs by the intravenous ad 
ministration of alkaline solutions of ferriheme The 
attempt was based on the reaction betw cy l 
ion and ferriheme: it was believed that the weight 
ratio of molar ferriheme to ferril glob g 
1:14, the former should bi t tin is effectiv i 


the latter as an antidot | dog urvived the 


cute cyanide poisoning but developed embolic 
yhenomena fro travascular precipitation of 
amorphous fet tl latter being 1 lubl 
when brought to bH of th lood Att t 
were then directed wal the formation of ict 
ferrihemochromoget vhicl ould | oluble at 
physiologic pI \ ferrihemochromogen prepared 
by conjugation of ferriheme and nicotinic acid in 
anhydrous ammonia 6) yielded a suitabl ict 
which, however, proved unstable on storags 

Anderson 7 prepared sodiu ferril late 
stable in solution at H 7.6 but this proved toxic to 
dogs 

Recently ferrihemochromogt made in aqueou 
nedium with various components of the B con 
plex group of vitamins and water soluble at physi 
logic pH have been prepared (38 : yf t é 
ferrihemochromogens are excellent respiratory cata 
lyst ome have choli terase characteristics while 
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In the same category with the hen ochromogens 


are blood pigment derivatives, in which a quaternary 
nitrogen compound as the coordinating element js 
replaced by an analogous compou 4 the other ele. 
ments in the 5th group of the periodic table. Thus 
arsine, phosph " tibino and b uthio (7 
hemochromogt have been prepared their ap 
plicateon will await trial those clinical conditions 
in which the metal { Group V hav oved bens 


5. Metalloporphyrins and Metallochromogens, 
All of thi 


pigment o far mentioned, originating 


in hemoglobin, are ttoporphyrin derivatives 
Except in infinitesimal quantiti rmally, or in 
certain patholog tat Irequently 
torul ] out as a pract il vativ 
of other iturally g | \ ich as 
those ol ute ) ly Cal ot rocessed 
directly from bloo his do rt in that the 
deuterop rphyri t ( phy l 1eto 
porphyr tro ich of | i chain of 
ferrihemes, ferridehemes, ferrihemochromogens and 
ferrideh ‘ ) ren i ll as tl I pond 
in ra mal rphyt vatiy may 
be p ul vit phar ( terest « 
po bilit | t1o 1 iwait th 
liberal si il la ts, for tl 
rotopor \ | WV it I 
nur y yt I ( it port 
our ot v rying I! loita 
oe I ] ‘ + + ' ist 
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Vita- 
— In addition to the species specific pro- preparation of other blood pigment deriva- 
ase rs . 7 ° " , 
mine teins whose applications in therapeutics tives from any mammalian source as well 
mary make their preparation from human ery as prophyrin derivatives from extra hema- 
nt is throcytes a desirable procedure, the tic sources, are outlined. 
ele 
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, Barbituric Acid Derivatives. Pharmacological Relationship of a 
. Series of Butenyl-Alkyl Barbituric and Thiobarbituric 


al | Acid Compounds* 
a 
D By E. E. Swanson, W. E. Fry, and O. W. Reagan 
iOZY 
ai In a previous communication (1), it was group becomes lengthened. In the normal 
el observed that there is an obvious relation- alkyl-substituted derivatives, the critical 
* ship between the pharmacological action compound is the one that possesses 6 C- 
i - nd the chemical structure of certain barbi- . atoms in one of the 5-5 positions; in the 
' turic acid derivatives. In the substitution secondary alkyl‘substituted derivatives, the 
Ange of primary or secondary alkyl groups in on¢ critical compound is the one having 7 C- 
wet of the 5-5 positions, with an increasing atoms in one of the 5-5 positions—beyond 
of number of C-atoms in the alkyl chain, both — either of which the duration of action begins 
t! the minimal anesthetic dose (M. A. D.) and to increase. The substitution of a methyl, 
the minimal lethal dose (M. L. D.) grow — ethyl or allyl radical on one of the nitrogens 
tiga relatively smaller, but when the alkyl radical nitrogen alkyl-substituted barbituric acid 
tp is longer than 5 C-atoms, the amount re derivatives) (2); or the substitution of a 
/ quired to produce anesthesia or death in rats methallyl (2-methyl-allyl) (3) or a crotyl 
gain increases. Furthermore, as the alkyl (3-methyl-allyl) (4) on one of the 5-5 posi- 
chain becomes longer, the therapeutic index tions, or a sulfur atom (5) in place of the 
x ratio between the M. L. D. and M.A. D. oxygen on the 2 C-atom also obviously re- 
gradually appears to be greater. In general, duces the duration of action. This shorter 
ind | the duration of action shows similar fea- duration of action is independent of the 
wre | tures; that is, it is shorter when the alkyl amount of drug administered. Recently, it 
* Received October 5.01944. from the Lilly Re was observed that in a series of primary and 
earch Laborator Indianapolis, Ind secondary alkyl-substituted barbituric and 
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TABLE I.—-BARBITURIC AcID DERIVATIVES INJECTED INTRAPERITONEALLY IN WHITE Rats 
\ Duration 
R of Action of 
Barbituric Acid No. of 1Dse = S. 1 Observed LD «Sk 
R’’ Derivative Rats Mg./Kg M. A. D., Min Mg./Ke. 
1-Methyl-allyl-ethy] 10 103.7 +9.4 720 180.0 = 94 
2-Methyl-allyl-ethy] 33 lll.1 +6.8 360 258.8 = 19.7 
3-Methyl-allyl-ethy!] 10 88.43 += 6.7 300 229.7 = 5] 
1-Methyl-allyl-ally] 55 69.01 += 2.76 156 135.6 = 6.23 
2-Methyl-allyl-ally! 33 67.82 = 6.37 380 166.9 = 89 
3-Methyl-allyl-ally! : | 
1-Methy)-allyl-n-propyl 50 76.52 = 2.66 120 227.5 55 
2-Methyl-allyl-n-propyl 60 114.7 +3.7 300 265.1 = 7.9 l 
3-Methyl-allyl-n-propy!l 60 125.0 ®, 120 152 38 | : 
1-Methyl-allyl-isopropy! : 
2-Methyl-allyl-isopropy! 30 94.6 «3.6 210 207.2 = 89 | A 
3-Methyl-allyl-isopropyl 54 66.1 +3.4 200 168.3 = 7.5 \ 
1-Methyl-allyl-7-butyl 15 110.6 =2.1 110 222.1 = 3.0 | 
2-Methyl-allyl-n-butyl 90 92.3 +=3.7 ) 230.1 = 99 | 
3-Methyl-allyl-n-butyl ti4 108.8 +=3.¢ } 305.8 = §2 \ 
1-Methyl-allyl-sec-buty 
2-Methyl-allyl-sec-butyl 18 76.30 , 84.8 3.4 
3-Methyl-allyl-sec butyl M4 10.7 + ‘ % » ) Q ¢ | 
1-Methyl-allyl-isobuty¥l 70 80.65 = 4.28 162 173.1 3.6 ° 
2-Methyl-allyl-isobuty! 67 92.27 =3.95 L15 221.9 = 8.11 > | 
3-Methyl-allyl-isobuty] 55 12.4 15 85 6.9 & 
1-Methyl-allyl-sec-amy] ha 
2-Methyl-allyl-sec-amy] 123 61.83 = 1.14 1) 129.6 = 1.3 . 
3-Methyl-allyl-sec-amy] 51 83.97 2 5 tit I8y.2 + § Q 
1-Methyl-allyl-isoamy! 55 127.6 +7.5 4) 289.4 63 = 
2-Methyl-allyl-isoamy] 106 100.9 1.9 87 237 5.8 S| 
}-Methyl-allyl-isoamyl ot 101.6 +3.3 } 177.5 = 7.3 a 
—| * 
| 
turic acid thiobarbituric acid compounds, as | = | 
| 7 . , = | 
’ the number of C-atoms increases in the sub- = 
| eulee | : 
. e stituted alkyl chain, the inhibition or seda- - 
tive action increases on the isolated intestine } 
of rabbits and frogs and the isolated uterus| = | 
e of guinea pigs lhe same degree of depres 2 | 
; sion was observed in the perfused frog’s| < | 
heart (S 
eee 
¥ EX PERIMENTAL 
e . 
; rhe present investigation 1 oncerned with the | 
; tudy of a series of butenyl-alkyl barbituric and thio 
= = ° barbituric acid derivatives, synthesized by Shonk 
and his associates, of our organic chemical depart 
ent, with the g 1 la 
.) H 
Fig. | Duration of action in minutes 
R C-——-N 
thiobarbituric acid compounds, the hemo- - 
: . R \ N 
lytic time on the sheep's blood increases as 
the number of C-atoms increases in the sub OH | 
stituted alkyl radical (6 In several series : i ; : 
. 2 . ‘ : : vherein R i\ ilkvl radical Vit ~ to \ itoms 
of isomeric barbituric acid derivatives, there =’ | methvl-allvl. 2-methvlallvl (methallvl) or | 
ippe ired to be a distinct relationship be methyl-allyl (crotyl u! .” a sulfur atom in place | 
tween the anesthetic and lethal dosage and of the oxys 
: : : : bino rats weighing } to 115 Gi verage 
duration of action, and their chemical struc _ Albin ha - tet gall wig | 
ae M > et 3 “centage Gm.) and New Zealand rabbits weighing 1500 t 
ture (/). More recently, ina series ol _ 2250 Gm. (average 1800 Gm.) were used in this] | 
mary and secondary alkyl-substituted barbi- tudy. Solutions of the sodium salts of the com-| 
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pounds were injected 


intraperitoneally in rats and 
intravenously in rabbits : 


rhe minimal anesthetic 








dose (M. A. D.), duration of action and the minimal 
lethal dose (M. L. D.) were determined by using 
five or more animals fo ch dose level from 
these data, the li , ’ lo AT) ‘ 
S. I ind the media lethal do LDs t 5. E 
were computed according to the formula of Bliss (9 
During the tests the animals were kept in a constant 
temperature room (29.4” to 32.2° C 

In general, the duration of action of the observed 
minimal lethal doses decreases as the nur rof C 
atoms increases from 2 to 5 in the substituted alkyl 
chain (position R) of the butenyl-alkyl barbiturat: 
as shown in Table I and Fig. 1 The amount (mg 
per Kg.) required to produce anesthesia is ind 
pendent of the duration of action. Furthermor 
in the isomeric butenyl-alkyl substituted ) 
pounds (where R’ may be 1-methyl-allyl, 2 thy] 
allyl or 3-methyl-allyl) as the methyl radical chang 
from position 1, 2 or 3 in the alkyl chain, th " 
tion of action becomes horter Phu tl l 
methyl-allyl-alkyl substituted barbituric acid deriva 
tives have the longest and the 3-methyl-allyl-alky] 
barbituric acid compound hortest, dur mm of 
actior 
TAI IT! M ry ‘ 

Wu 

kR : , 

I I M K 
1-Methyl-allyl-n-butyl y S 
1-Methyl-allyl I 
1-Methyl-allyl-i r 
2-Methyl-allyl-n-bt 232.0 ] 
2-Methyl-allyl-se ) 
2-Methyl-allyl 
3-Methyl-allyl-7 tyl 

Methyl-allyl-sec-buty] 124.9 
3-Methyl-allyl-isobuty]l rie 
Preanestheti« yn 
6’ Convulsions without anesthe 1 
¢ Severe cor +} n with t ar ‘ 

\bdominal sj 
In t t ty vl-alkyl thiobar , 

tudied, a ho 11 i le Il e dura ) t action 
ilso i g al t ) ) rt 
the I gt it i t t 
ilkyl cha I t it t t y ilkvl 
barbiturat« a I g t of the 
tenyl-alkyl 1O rivat | I r pre I 
post-anesthet ‘ oe vul - , 

vulsio vithout ] r a il 
Da iS, vhe id t intray ally rat 
r intravet ly " mpl ‘ 

in Table III, of vl-ally 

+} ~CO po T \ 

ibdot il | {) I i 

illyl-isobutyl thio pro 

convulsions without r anesthesia ul 
tvpe to } é thyl barbit a 

vhich wv tensively stt vy Swa 1C} 

rhe convulsi particularly in rabbits, ar 

violent and tonic in type The head and foreleg 

are bent forward and the hind limbs ext« ick 

ward rhe posture of the an il therefore o 

of emprosthotono The it of vulsio prob 

ably in the spinal cord, for dec ration or d 

truction of the medulla doe ot prevent the o« t 
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rence of convulsion vhile pitl It 
tion of the spasms a 
In view of the fact that ‘‘Sodium Amytal Sod 
1um | umyl Ethyl Barbiturat Lilly) prevented 
recur | vulsio but failed to ive the 
animals t ving hal es of thyl-buty] 
ethyl barbituric aci LO la ‘ ts were 
made with ny ant l thyl-ally isobutyl] 
thiobarbituric aci As an antidot its isor 
methyl-allyl-n-butyl thi arbit i 
derivative with hypnotic a une tic pr 
was used in pla if ‘Sod Amytal \ 
ous experi t ibbit used aga 
obs rved that i! gl ao 4) to 30 l per 
the anesthetic iso l-methyl-allyl-n-butyl thio 
compound promptly prevented ‘ é of con 
vulsio t fa t ive the animal rabbits 
receiving lethal d } g. per Zz f its con 
vulsant isomer, |] thyl-allyl-1 tyl thiobarbj 
1 Ii ea i t ) vul int thio 
1 1 vy \ i alt t of 
i I f by it lvpnoti 
n I thyl-allyl-» tvl thi arbituric aci 
by th ] rout I strat rt} to a 
certai ext ¢ +1 ‘ antago hy 
AcI I 1 I I 
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cats, dogs, and monkey 10), similar experiments 
were made in frogs with the convulsant 1l-methyl 
alkyl-isobutyl thiobarbituric acid. It was observed 
that like sodium 1,3-dimethyl-butyl-ethyl barbitur 
ste, the thiobarbiturat dium 1-methyl-allyl-iso 
butyl thiobarbiturat ibited marked depression 
and later anesthesia rhus, apparently this butenyl 
thio-derivative |! ilso stimulating to warm-blooded 
animals and depressing to cold-blooded animals 


CONCLUSIONS 


1. A series of butenyl-alkyl barbituric 
and thiobarbituric acid derivatives have 
been studied. 

9. As the number of C-atoms increases 
in the substituted alkyl chain, the duration 


if wction decreases 


3. Furthermore, in the isomeric com- 
pounds (where R’ may be 1-methyl-allyl, 
2-methyl-allyl or 3-methyl-allyl) as_ the 


methyl radical changes from position 1, 2 or 


8 in the alkyl chain, the duration of action 


i Many of the butenyl-alkyl thiobarbi 


e stimulating or convulsive in ac 


tion, particularly, 1-methyl-allyl-isobutyl 
thiobarbituric acid, which is a severe con- 
vulsant to warm-blooded animals and a 
depressant to cold-blooded animals. 
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Preliminary Report of a New Gelatin Product—“‘Sulfagel’’* 


By H. L. Flack, D. A. Clarke, and L. F. Ticet 


Prior to the Boston Cocoanut Grove fire, 
new type of mechanical treatment for 


burns had been conceived, apparently by 
two separate groups working individually. 
The Department of Surgery of The New York 
Hospital and the Department of Surgery of 


johns Hopkins Hospital were ftollowing 
similar line f research \pparently in 
stigated by Pickrell’s reported work on solu 
lfadiazine in triethanolamine for the 
treatment of burns the basic idea cd 
veloped for the use of a prefabricated film 
r burn therapy Pickrell’s sulfadiazine 
soluts had ri f disadvantages which 
+] fro th YT) if 
Pha \ Ho tal. N \ k 
al ( f Phar acy 
\y | 
‘ , Jie 
v¥ i ‘ 1 i “ ) 
1 pl I i 1 
y Gelatin M f 1 
er | i y \ i VM i re 
tor t] » i nN 1V by i) 
art I w York Ho l and 
pecia y Dr. Ja \ dj vall II] ) i 


might be overcome. The solution, being 
aqueous, dried too slowly. Also, because the 
film formed is not a protein precipitation 
resulting from reaction with the surface 
tissues but rather an eschar formed by the 
vehicle, the eschar formation was too slow 
in developing. To a somewhat similar solu- 
tion of sulfadiazine, methyl cellulose was 
added to improve the viscosity of the prep- 
aration and to present a substance which 
would readily form a film. From this last 
step apparently grew the prefabricated film 

Employing methyl cellulose, a sulfon- 
amide, triethanolamine, sorbitol and a 
volatile solvent, a sulfonamide film was pre- 
pared and was being investigated clinically 
at the time of the Cocoanut Grove fire. 
Some publicity was given the film on that 
occasion, 

Che basic idea seemed sound and es- 
pecially applicable at the battle front, but 
this film had been found to have a certain 
number of technical disadvantages, a major 
one of which is that intimate contact be- 
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tween the film and the cracks and crevices 
of the skin or a burned area cannot be as 
sured; infection has been observed at the 
site of these air pockets. 

A review of the current opinions on burn 
therapy was given after the Boston fire at a 
Therapy Conference at The New York Hos 
pital. Observations on the use of a ‘‘Sulfa 
film’’ were included and the shortcomings 
were explained. The character of these ad 
verse factors seemed to present possibilities 
of elimination by the use of the general idea 
but with physical properties so modified as 
to overcome the difficulties. 

Because of the remarkable ob 
tained in the Varicose Vein Clinic and Minor 
Surgery Clinic of The New York Hospital in 
the treatment of varicose ulcerations and 
other old ulcerations of the lower extremities 
with the Unna Boot,' this type of approach 
was substance which 
could be applied in a semiliquid state but 
which would rapidly set into a firm bandage, 
would follow the contours of the treated area 
ind would penetrate into small cracks and 
crevices by virtue of its liquid state prior to 
the formation of a film. 


success 


suggested: i.e., a 


EXPERIMENTAL 


able 


for the zinc oxide 


A first attempt found impracti 
ple substitution of sulfanilamids 


Unna’s Gelatin Paste 


Formula No. | 

Sodium Sulfadiazine 
*~harmagel B* 
Glycerin 


A-3 Water 


1) Go 
90 Gm 
120 Gm 


90 Gm 


This I 
ith a first and second degre« 
The area had bee 

Sulfafilm rhe film separated from the wound 
hen fluid collected beneath it Four days after the 
upplication of the above product epithelization ap 
peared normal, the wound was in good condition and 
continued to heal further incident The 
preparation, necessarily, required the application of 
heat 


d clinically on a patient 
burn of the arm and 
n treated for two days with 


combination was us¢ 
Ww 
hand 
a 
W 


al 


without 


prior to its ust When sufficiently liquid for 
application to the burned area, the gel was too warn 


for comfort although this was a fleeting experience 


! Unna’s Boot technique employs Unna’s Gelatin 
Paste impregnated into bandaging. Various modi 
fications are employed. Unna’s Gelatin Past 

employed at The New York Hospital is Pharmagel 
14°, , Glycerin 25% and A 


a> 
A 
3 Water 


»¢ 


, Zine Oxide 22 

1 100% 

2 Supplied by the Pharmagel Corporation, 55 
12nd St., New York City 

’ A-3 Water is distilled water containing 0.52 Gm 
methyl p-hydroxybenzoate and 0.28 Gm. propy! 
p-hydroxybenzoate per 1000 used to prevent 
mold growth, etc., in the gelatin 


7, | 
aa 


W 


cc 
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rhe formula and various modifications USING the 
same ingredients, due to the low alkalinity of 
Pharmagel B plus an autoclaving procedure, Precip}. 


tates free sulfadiazine A solution in distifle 
water of sodium sulfadiazine in the conc: tration 
employed had a pH reaction of 10.0 The PH of the 
product was 7.5, and it is felt this is the main ex. 
planation for the sulfadiazine precipitation The | 
precipitate did not occur immediately, but Was 
present after autoclaving 

_ Since speed of drying was a criterion and the 
formula given was slow, glycerin was eliminated gyb. 
sequently to hasten drying and setting time 


Samples of the film were inoculate 


and ( tt to observe it 
isms ! 


No gr urred 


were not mad 


1 with Cl. tetan; 
effect on these Organ. 
wth oce however, sul 
to determine wheth 
ricidal 

itaining Sodium 


Water, \/10 


a bacteriostatic action or bact 
lo a prepar 
Pharmagel B and A 


ation col Sulfadiazine 


NaOH was 


added to obtai a PH of 9.1 On standing afte, 
autoclaving, no precipitate formed 
Formula No. 2 
dium Sulf i Gm 
Pharmagel B 60 Gn 
A-3 Water Gi 
V/10 NaOH to pH 9.1 
[he preparation was autoclaved at 10 Ib. for 
twenty i t and I di t i ontainers 
rhe ftinished product wa iliquid at room 
tempera ) ing neat prior to applica. 
tion his was applied to an ext ve facial burr 
where the skin had b ided. It was applied 
thi 1! i i i Sulfatilm vould not 
follow t any cur urs of the fa How 
ever rou fl for ath the film 
before the gel set and the complete dressing was 
liquefied and had to be replaced with other mea 
sures 
his experien iggested the need for a sup 
porting, nonsoluble fils rv sulfagel 
Cellophane was en pl yed 1 heets and aled to 
intact skin with flexibk lodiotr Later flexible 
collodion wa repia 1 wi l M110 | cause of 
better drying Che technique was again changed 
by the use of Johnson and Johnson Duo’’ Liquid 


Adhesive At the tim 
liquid adhesive mad 
polyvinyl butyral re 
agent ) 

Buffered Suifanilamicdk 
was tried in the base f 


of writing, it is felt thata 
| astor oil and 
a sealing 


Wallace and 


rmula but was four 


Tiernan 
ad to pro- 


duce a poorer product than with plain sulfanilamide 
which, in turn, was not found satisfactory 
Sulfadiazine, becau f slower absorption by the 
tissues and also because it improved the viscosity of 
the gel, wa orporate uccording to the following 


formula 


Formula No. 3 
Sodium Sulfadia 20 Gm 
Sulfadiazine 10 Gm 
*~harmagel B 15 Gn 
A-3 Water 00 Gm 


The preparation was auto 





ave at 5 Ib. for thirty 
minute ind was opa is a result of the sus- 
pended, free sulfadiazine 
On a dry surface, this gel formed a tough, elastic 
film. Slight warming on a water bath to body 
temperature made it applicable he film dried 
quickly and gave good clinical results in comparison 
with ‘“‘Sulfafilm’ j However, when dry after 


cultures | 
her this was simply 
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require 
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being applied to burned areas, 


require some supportive 
described 
One of us H I I 


the film was found to 
measures which will be 


had experimental burns per- 


formed to examin¢ formula No. 4 


Formula No. 4 


Sodium Sulfadiazine 25 Gm 
Pharmagel B 50 Gm 
Sulfadiazine 15 Gm 


A-3 Water 100 Gm 

This preparation was autoclaved at 5 lb. for thirty 
minutes and placed in sterile containers 

Two burned areas were prepared, second degree in 
depth, one on either leg and involving the same area 
of surface (4 On the next day the burns were 
cleaned and dressed, one with “‘Sulfagel’’ (Formula 
No. 4) above and the other with ‘Sulfafilm.’’* 
“Sulfagel’’ was warmed to body temperature and 
applied to the cleaned area, then covered with 
several coats of collodion (no cellophane required 
“Sulfagel’’ is transparent when applied. This factor 
isan advantage in observing progress of the area be 
Sulfafilm’’ was applied by pressing 
onto the cleaned area, covering with gauze pads and 

rhe day after its applica 
turgid and distended with 


| 


ing treated 


fastening with bandage 
tion the “‘Sulfagel’’ was 


serous exudate and thi uggested the ‘‘pressure 
bandage’ feature which appears to be a desirable 
condition Owens (5) states that a burn is an open, 
contaminated wound and that the logical treatment 
consists of (a) conversion into a surgically clean 
wound and ipplication of a dressing which ade 
quately protects the wound, directs counter pressure 
to the underlying tissues and establishes satisfactory 
drainage from the wound :to the body of the dress 
ing. It is our impression that this bandage, either 
when applied without the formation of exudate 
pressure or in the state of turgor as noted here, 
obtains these criteria. On the fourth day the film 
broke when additional collodion was applied By 
this addition, temporary solution of the hardened, 
retaining collodion resulted and, under pressure, 
broke rhe burn was subsequently treated by daily 
applications of a tissue extract (4) and on the eighth 
lay both burns were examined Che ‘‘Sulfafilm’ 
area had slight granulation and was hemorrhagic 
The “Sulfagel’’ burn was about 50°, covered with a 


good granulation 


ntal burns was produced, 
treated on the following 
Sulfagel’’ and one with ‘“‘Sulfafilm”’ 
Iwo days later the one treated 


A second set of experim 
one area on either leg, and 
day; one with 


similar to the above 


with ‘‘Sulfagel’’ received another application of 
“Sulfagel It was then covered with cellophane 
and sealed with collodion applied to the edges, under 
which had been placed Compound Tincture of Ben 
zoin. A further protective cellophane film was 


placed over the dressing and sealed with adhesive 
to prevent clothing from disturbing the dressing 
On the eighth day both burns were examined Phe 
which was treated with “Sulfagel’’ was healed, 
while that treated with ‘‘Sulfafilm’’ was not healed 
(4 

A third experim 
was produced, 


one 


ntal set of contralateral burns 
vhich was contaminated by 
about the burn with cotton 
ontaminated cotton directly 

onto the debrided, burned area. This was an at- 
tempt to simulate the conditions normally appearing 


one of 
wiping the unsterile area 


and then daubing this « 


‘Material supplied by Wallace 


Products, Inc., Belleville, N J 


and Tiernan 
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in a burned area. Despite this treatment, the last 
“‘Sulfagel’’ preparation described healed the burn 
without incident in eight to nine days against eleven 
days for a similar, but nondebrided burn treated 
with ‘‘Sulfafilm.’’ (In the latter instance, the burn 
was produced at the same time but was not de- 
brided; i.e., the blister was not removed so that this 
wound would present the advantages ascribed by 
some to nondebrided burns.) 


DISCUSSION AND SUMMARY 


In this study 64 different preparations 
have been examined employing gelatin and 
the sulfonamide drugs in an attempt to de- 
velop a dressing for burns which would em- 
body the advantages of a preformed film 
but eliminate some of the disadvantages of 
this type of film. The various modifications 
employed have centered about the four base 
formulas presented in this paper. The last, 
namely, No. 4, appears to be most desirable. 
Due to various factors, thorough clinical 
evaluation was not accomplished; however, 
in three sets of experimental burns the results 
were superior to a ‘‘Sulfafilm’’ dressing. 

It is recognized that there is considerable 
opposition to the local use of the sulfon- 
amides as a result of drug fastness or drug 
allergies developing in some patients. It 
seems a current opinion that it is better to 
treat circumscribed areas, where infection is 
potential, through the blood stream rather 
than by local application. However, there 
is to be considered the advantage of obtain- 
ing high, local concentrations of sulfonamide 
drugs by means of local application without 
elevating the total blood stream concentra- 
tion by absorption to dangerous levels. In 
addition, the dangers of drug sensitivity 
acquired from local application * possibly 
have been overemphasized. 

Gelatin appears to us to be a most desir- 
able vehicle for the presentation of many 
locally effective drugs. The sulfonamides 
have been examined but, in addition, there 
are other drugs that might obtain greater 
utility were they used in a gelatin base. 
Gelatin approximates the protein composi- 
tion of the body, it does not produce foreign 
body reactions when applied to injured 
tissues, it is readily diffusible and miscible 
with tissue fluid and carries active agents 
more readily in this fashign, there being no 
occlusion. 

Pressure bandages are desirable in many 
injuries. This type of preparation lends its 
utility in such a fashion to wounds and.ul- 
cerative processes without necessarily em- 
ploying the sulfonamide drugs. A product 
such as ‘‘Sulfagel’’ is suggested as an appli- 
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cation to freshly closed surgical incisions, We are not in a position to draw conely. | stances 
for example, to prevent stitch-abscesses and sions from this study; however, we Perceive | natural 
other surface, postoperative infections. some interesting points and have presented | put, of 

“Sulfafilm™ had previously shown more _ this preliminary report with the hope that | only 2 
rapid healing time for burns than had other further work might be stimulated in Other | blue co 
types of therapy; however, based on groups. stances 
limited clinical experience, it appears that groups 
‘“Sulfagel” gives earlier and better granula proper 


tion than “‘Sulfafilm”’ in burn therapy (4). REFERENCES alloxar 
We would ascribe this, primarily, as due to tain Sf 





the difference between a substance which is 69 P 41). L., johns H H p,, dehydt 
essentiallv a foreign body contrasted to a (2 Pick: N. K.!I ,. Wi. { | ketohy 
substance which is, after a fashion, similar to irci , 47, 583(194 posses: 
animal tissue in its composition. Finally, 1) Dingwall, J. A., III, and Andrus, W. Dew, { does 
“Sulfagel,’’ when applied to body surfaces, Ann , . 120, 377-8 ee mee rapid]; 
presents a transparent dressing which pos- 7, oe alt Wien sail Chitin ah = Sup the its pre’ 
sesses certain advantages. Clini f N\ | tober 4 7 In if 
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A Qualitative Test for Dehydroascorbic Acid* 


ra jroas¢ 
By R. Stuart Tipson' | extrac 
The United Stat Pharmacopoeia (1 mate the latter compound. However, very 

describes three methods of identification and little work appears to have been done on the Met 
one of assay for ascorbic acid. Although determination of dehvdroascorbic acid Ascorb 


these methods are excellent for reasonably such, alth ugh L proce lure has been w irked A 
pure samples, they may not be applicable out by Roe and Kuether (4), involving its | added 
to the qualitative detection of small amounts reaction with t-dinitrophenvlhvdrazin« | vigor 
of the acid in mixtures or in biological ma We now find that dehydroascorbic aci 
terials. There can be no gainsaying the reacts at 50° ¢ th pyrrole, in aqueous 
correctne of the results obtained by _ trichloroacetic acid, to give an intense blue 
biological assays for ascorbic acid but the color with a band at 630—-635-mu Chere } 
values given by chemical methods of estima- ire three re ns for employing trichloro 
tion are‘sometimes to be viewed with cau acetic acid: first, it « ures the precipita 
tion. Rather elaborate precautions (2) are tion of prote rom biological extracts; 
necessary to ensure that the vitamin shall second, it provides a PH at which dehydro- 
not become oxidized to dehydroascorbi ascorbic acid is stable for some time: third, 
acid during the preparation of extracts, and _ it facilitates the oxidation of ascorbic to 
if dehydroascorbi cid is already present it dehydroascorbic acid in the presence of } ‘+ 
is essential that before performing the de ictivated char | 
termination it be reduced, e.g., with hydro- Hence, the col test now described is ry 
gen sulfide, to ascorbic acid. This reduction applied to a jueous trichloroacetic acid for \ 
procedure is not entirely satisfactory be- extract o1 lution of the material under ot 
cause many substances (3) are believed to examination; the extract is shaken with om ¢ 
give rise to an interfering reaction when ictivated charcoal and is then filtered. The | contr 
treated in this manner test 1s simple, rapid and quite sensitive; a sistit 
Rather than guard against oxidation, it strong blue color is given by an 0.1 per cent | a 
might be simpler to convert deliberately all solution of dehydroascorbic acid; an 0.0! 50° ( 
the ascorbic acid to dehydroascorbic acid per cent s lution of the acid TIVE 1 green sired, 
by mild oxidation and then attempt to esti color with the me amount of pyrrole but quire 
if one-tenth the proportion of pyrrole is em- | 
a . ployed this concentration also yields a blue | may 
™ : color readily detected by the naked eye. | - 
-4 «a 


RE Fy Rae we = at In searching for possible interfering sub- a 
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ances, water-soluble vitamins and other Notes on the Pyrrole Test.—The solution to be 
stances tested should contain approximately 5% of tri- 
chloroacetic acid;? except as mentioned in the dis- 
cussion, it is not necessary to boil the distilled water 
only alloxan hydrate gives a similar vivid used to prepare the trichloroacetic acid solution. 
blue color under these conditions. Both sub- If the solution to be tested is very dilute in terms 
of ascorbic acid or its volume is less than 5 cc., the 
uppropriate volume of a freshly prepared 2% solu- 
tion of pyrrole in 5% trichloroacetic acid should be 
properties 1m common; the presence Ol added instead of 0.02 cc. of pure pyrrole ) 

alloxan may, however, be detected by cer Using the above proportion of pyrrole, a blue 


1 
. : ‘ un} } -} . ’ 
tain specific t ; (6) to which ascorbic a d 


naturally occurring substances were tested 
Le - . . 
but, of the 40 substances so far examined, 


stances possess three contiguous carbonyl 
sroups and they have a number of chemical 


precipitate gradually settled during the course of a 
I ew hours. However, when one-tenth the amount 


jehydroascorbic icid do not respond, Trt f pyrrole was employed (i.e. 0.002 cc. of pyrrole 
ketohydrindene hydrate (ninhydrin), also per 5cc. of solution) the formation of this precipitate 
sossessing three adjacent carbonyl gr MUS, was considerably delayed, although some settled 
. not gi" . blue but a green color which after standing overnight at room temperature. 
— oS : : 5 4 With the latter amount of pyrrole, 0.01% dehydro- 
rapidly changes to brown and then gray; ascorbic acid gave a blue color displaying a band at 
its presence in biological materialsis unlikely. 630-635 mug. The optical densities were measured? 

In its present form, the test has only been against a blank (containing 0.02 cc. of pyrrole di- 
employed in a qualitative manner but it luted to oF Se. Wan Se Se hloroacetic acid) which 


had been heated at 50° C. for the same length of 


- } 1! cho lor ) ( ) TT} 
yppears probable that it sh uld prove adapt time. The determination was made on a Beck- 


ible tor use aS a quantitative colorimetric mann quartz spectrophotometer,‘ using a tungsten 
srocedure. It is possible that the method lamp as the light source. } 
a3 a eS a ge ee re An 0.01° solution of dehydroascorbic acid kept 
may nd application to highly pigmented . : - : 
Ne Be 2 : it room temperature during forty-eight hours, and 
fruits, since Our procedure Of Shaking with then tested, no longer gives a clear blue color. 
: | 
charcoal (to oxidize ascorbic a id to dehy Omitting the treatment with charcoal, a very 
iroascorbic acid) usually decolorizes colored faint blue color was given by ascorbic acid and by 
ae illoxantin. If these solutions were shaken with 
«tract . : 
as charcoal before performing the test, the rich blue 
EXPERIMENTAI colors caused by dehydroascorbic ac id and alloxan, 
pectively, were observed. Ninhydrin gave the 
Method of Performing the Pyrrole Test on Pure’ colors described in Table I; an 0.001% solution 
Ascorbic Acid \ it taining ascorbic acid yielded a clear, pale-green color 
for exa mg ‘ G of trichloroacet Substances Not Giving the Test.—-Since the test 
id per 100 is prepare Activated char al i might find application to biological materials, sub- 
ed to 1 ft luti the suspension tances likely to occur therein were tested; the be- 
vigol ly ik and filt d through a fluted filter havior of some compounds of general interest was 
COLORS PRODUCED IN THE PYRROLE TEST* 
I t lin Ir oroacet Acid 
e " lehydroa r 
k irin \cid Ninhydrin 
rat l Concentration, 0.01% 
:. @ ) 1 + (G-Br) 
G » + (T, G-Br) 3 + (Br) 
f r, Gr 1+ (B-G 3o + (Br) 
Cr, Gr 2+ (G 3+ (Br 
r, Gr 2+ (G 3 + (Br 
'K ; cr = turbid t+ = faint 5+ medium; 5+ = strong; 
Tw ft filtrat re taker y ilso examined Under the above conditions no blue 
ru trol; t 1 is added jor was developed with the following pure sub 
2 f tly a ited tances: adenine sulfate, dl-a-alanine, allantoin, p- 
for a few t yrrol isd Ived, and uninobenzoi icid, anthraquinone, asparagine, 
me porti t 1 thermostatically barbital, benzil, caffeine, choline hydrochloride, 
ntrolled bat t \ nd control, co creatinine, cysteine hydrochloride, cystine, diacetyl, 
I rcid plu 2 digitonin, ergosterol, D-glucose, glutamic acid 
of. pyrrol Ly t it t ul ti hydrochloride, glutathione, glycine, glycogen, guan- 
Fér a t t e, t lution is heated at ine hydrochloride, /-histidine monohydrochloride 
eC r five 1 nd t olor noted; if d monohydrate, a-hydrindone, hydroquinone, 1-inosi- 
ired, it iy t 1 i { I 
quired fo ' | lor to velop wit dehvdro > The of " 1 trichloroacet ucid is to be 
: , He ise : " led rgoster i color with this reagent 
ASCOT a | 1 ] Tall I La rhe - 
I l h * Th determination wa kindly performed by Miss 
mav he ‘ ‘ ed ¢ ; t\ ' t¢ ac jueline Fr rit 
‘We are indebted to t Chemistry Department of the 
- University of Pittsburgh for permission to use this instru- 
I ) ay y ment 
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tol, maleic anhydride, nembutal, nicotinamide, nico- 
tinic acid, dil-norleucine, phenanthraquinone, pheno- 
barbital, riboflavin, sodium phenobarbital, thiamine 
hydrochloride, thiourea, uracil, urea, uric acid and 
xanthine. 

Tests on Vegetable Extracts.—In order to ex- 
amine the possible utility of the qualitative test, it 
was applied to extracts of a number of vegetable 
materials known to contain ascorbic acid; solid 
samples were extracted by maceration with 1 part of 
10% trichloroacetic acid; liquids were treated with 
one volume of the acid solution. A sample of the 
filtrate was then shaken with activated charcoal, 
again filtered, and tested as described above. The 
following all gave a positive result (blue color 
cabbage, carrot, celery, lemon juice, lettuce, mush 
room, Orange juice, parsnip, spinach and turnip 


DISCUSSION 


Rosenberg (8) states that ‘‘the accuracy of 
the determination of vitamin C in extracts 
of animal origin is somewhat limited. Liver, 
for example, may give values up to 20°% too 
high.’ Since it has recently been suggested 
(9) that liver may contain alloxan (or its re 
duction products, alloxantin and dialuric 
acid), it is possible that the presence of the 
reduced forms might account for the high 
values obtained in certain vitamin C 
terminations on liver. 

If it is desired to establish the presence or 
absence of dehydroascorbic acid in a ma 
terial known to contain ascorbic acid but no 
alloxan, the precautions necessary to pre- 
vent oxidation should, of course, be observed 
and treatment with charcoal omitted. On 
the other hand, since dehydroascorbic acid 
is biologically active, determination by this 


de 
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test of the total dehydroascorbic acid present 
(after mild oxidation of the ascorbic acid by 
shaking the solution with activated char. 
coal) should, in the absence of alloxan, Serve 
to indicate the biological potency; in this 
case, it is obviously unnecessary to guard | 


against the primary, reversible oxidation of 


the vitamin. 
SUMMARY 
1. Asimple color test for dehydroascorhije 
acid is described. 


2. The test consists in heating 5 cc. of g 
solution of dehydroascorbic acid (in 5 per 
cent aqueous trichloroacetic acid) plus 0.02 
cc. of pyrrole during five minutes at 50° ¢ 
A strong blue color is developed if 0.1 per | 
cent of dehydroascorbic acid 


or alloxan) js 


present 
3. The procedure may be applied tp | 
ascorbic acid by shaking the solution to be 
tested with activated charcoal, thereby | 
oxidizing it to dehydroascorbic acid. | 
| 
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The Determination of Iodine in Organic Compounds* 


By Paul Block, Jr. and Kenneth L. Waters’ | 


Halogen analyses fall, in general, into four 
main groups: (@) combustion in the pres- 
ence of a reducing agent; (b+) wet reduc- 
tions; (c) wet oxidations; (d) combus- 
tions, usually but not always in the presence 
of an oxidizing agent. Hans Meyer has de- 


* Received Sept. 1, 1944, from the Industrial 
Fellowship of the Iodine Educational Bureau, In« 
and the Department of Research in Pure Chemistry, 
Mellon Institute of Industrial Research, Pittsburgh, 
Pa 

+t The authors wish to express their appreciatio1 
to Dr. George D. Beal, Assistant Director, Mellon 
Institute of Industrial Research, for his interest and 
advice during the course of this work. 


scribed many of these methods in detail (1) 

The first of these, developed by Ter Meu 
len, employs ignition in a stream of hydro 
It would seem to offer no advantages 
over its oxidative counterpart, and the use 
of hydrogen increases the hazards of the] 
method 

The wet reductions most frequently en- 
countered in the literature are of the sodium 
reduction type (Stepanov) or catalytic hy- 
drogenation. Although both procedures are 
effective for the qu intitative removal ol} 
halogen, neither is convenient for multiple| 
analyses. In certain special cases in which} 
it is desired to recover a dehalogenated com- 
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pound or to follow the reduction volumet 
rically, hydrogenation is useful provided the 
compound does not poison the catalyst. 

The methods involving wet oxidation are 
frequently rapid and accurate with com- 
pounds of known types. With the exception 
of the high-temperature Carius method they 
lack general applicability. The Carius 
method 1s te dious and, for the determination 
of iodine, has several disadvantages. 

The methods of organic analysis which 
have survived the test of time are those in 
which the compound being analyzed is com 
gletely oxidized; Liebig’s carbon-hydrogen 
letermination and the Dumas method for 


nitrogen are typical examples. Complete 


combustions have been used for halogen 
ynalvsis for more than a hundred years 
Generally, ignitions have been made in a 
rucible or tube by mixing the compound 


with cal ly, 


magnesium 


with 


po 


cium oxide or, less frequent 


oxide, sodium carbonate, 


tassium carbonate or the alkali hydroxides. 
In some cases an oxidizing agent such as 
potassium nitrate has been added to the ig 
tion mixture Exact temperature control 
was S¢ ldom ¢ nploye 1 by the earlier workers 
[This made the analysis for 1odine the least 
satisfactory of the halogen determinations 
ecause | the greater tendency for the 
ide t olatilize 
More recently, two forms of dry combu 
tion | é und considerable use in_ the 
malysis of organic 10dine compounds the 
Parr bomb and the Pregl methods. In the 
reg] method the co und is burned in a 
stream of oxygel Che method suffers from 
e absence « choking plug in the com 
ustion tube naking mandatory extreme 
re in burning the compound to prevent it 
yASSI thr 1 the tube unchanged. 
Multiple lvses are not feasible, and only 
icro pl ré rdinarily used Phe 
smultaneous determination of ash is an ad 
intage of the ethod 
Che combusti Wi odium peroxide in 
the Parr bomb is advantageous for the more 
latile compound However, it has many 
lisadvantages, « , the stability of sodium 
peroxide, particularly in damp weather or in 
the presence organic liquids; the necessity 
f preparing the fusion mixture with great 
care in order to avoid either explosion or in 
complete combustion; and the difhculty of 
removing all traces of peroxide after th 


combustion in order to determine the iodide 
volumetrically \ method for performing 
this on a micro scale has been described (2).) 
and Frederick 


Several years ago Johnson 
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3), after extensive study of various reagents 
which had previously been suggested for 
ignition mixtures, evolved a combination 
consisting of manganese dioxide, potassium 
carbonate and sodium carbonate, which was 
very satisfactory for the determination of 
iodine in livestock mineral mixtures. The 
authors have successfully adapted this 
method to determination of iodine in organic 
compounds. Results obtained with this 
method compare favorably with those ob- 
tained by the official assays of the United 
States Pharmacopoeia. 

lhe method offers many advantages: (a) 
using approximately the time and tempera- 
iodine, even from 
milligram quantities, is negligible; (6) there 
is no frothing or expansive boiling and over 
flow; (c) the combustion mixture does not 
fuse, thus eliminating a time-consuming lix- 
iviation of iodide from the melt; (d) the 
number of analyses which may be conducted 
simultaneously is limited only by the size of 
the muffle furnace available; (e) macro, 
semimicro or micro samples may be taken 
without any change in the combustion pro- 
cedure; (f) no special apparatus is needed 
other than an electric furnace equipped with 
1 pyrometer; after filtering the manga- 
nese dioxide, the solution is free from reduc- 
tion products or other interfering sub- 
stances and the iodide may be determined 
immediately. 

In recent years analysts have recognized 
the superiority of determining iodide by 
oxidation to iodate and subsequent reaction 
of the latter with potassium or sodium 
iodide, taking advantage of the six atoms of 
iodine liberated for each iodine atom in the 
sample. To effect the oxidation, saturated 
bromine water the reagent most fre- 
quently encountered; its use 1s described 
below. 


ture suggested, loss of 


is 


EXPERIMENTAL 


Method.-Weigh 


porcelain crucibk 


0.2 Gm.) into a 
No. 2 high Add 17 Gm. of 
ignition Note 1) and mix thoroughly 
Overlay with a further 6 Gm. of the ignition mixture. 


a sample (0.1 


muxture 


Che quantiti hould be weighed to 0.2 Gm.) 
Ignite for twenty-five minutes in a muffle furnace 
preheated to 675-700° C. Remove from the fur- 

ice, allow to cool, and empty the contents of the 
rucible into a 250-cc. beaker Remove any solid 
material which adheres to the sides of the crucible 
ind rinse thoroughly with hot water. Crush witha 
tirring rod any lumps which may have formed. 
Dilute to about 100 ce. with water and digest for 
fifteen minutes on the steam bath. Cool, transfer 


a 500-cc. volumetric 
Add an additional 


the contents of the beaker to 
flask and make up to the mark 
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amount of distilled water to compensate for the 
volume occupied by the manganese dioxide present 
Note 2 Mix completely and allow to settle for 
about five minutes. Filter through a dry filter 
(Whatman No. 2 or equivalent) into a dry flask, 
discarding the first 50 cc. of filtrate. 

Transfer a 200-cc. aliquot to a 500-cc. Erlenmeyer 
flask and determine the iodine content as follows: 
Add an excess of freshly prepared, saturated bro 
mine water (10 cc. is usually sufficient) (Note 3 
Add 17 cc. of phosphoric acid prepared by mixing 1 
volume of 85% phosphoric acid, U. S. P., with 1 
volume of water measured separately. This addi 
tion should be made slowly with swirling, and prefer- 
ably from a burette. Boil the solution until prac- 
tically colorless to remove excess bromine (Note 4 
Cool and add 5 cc. of 5% aqueous phenol. Wash 
down the sides of the flask and allow the solution to 
stand for five minutes. Add 5cc. of 10% sodium or 
potassium iodide and titrate immediately with 0.1 NV 
thiosulfate solution, using starch indicator (Note 5). 

Note 1.—The ignition mixture consists of 106 
parts of sodium carbonate (anhydrous), 138 parts of 
potassium carbonate (anhydrous) and 113 parts of 
manganese dioxide rhe ingredients should be in 
the form of fine powders but should not be ground 
together. A blank should be run for each lot of re 
agents used Manganese dioxide may be encoun- 
tered which gives a blank greater than 0.2 cc. of 
0.01 N thiosulfate or bestows a yellow color on the 
filtrate. This does not interfere appreciably in the 
titration with 0.1 N thiosulfate, but is objectionable 
with more dilute solutions. If such a manganes« 
dioxide is encountered it is well to purify the ma- 
terial by ignition with alkali carbonate, adding water 
and boiling for a few minutes, then washing free of 
alkali and drying 

Note 2.—Generally, the volume occupied by the 
manganese dioxide is under 2 cc A correction may 
be obtained by placing 7.5 Gm. of manganese dioxide 
in a 500-cc. (or other) volumetric flask and pipetting 
in exactly 500 cc. of water, the corrected volume be 
ing obtained by marking the neck of the flask Phe 
allowance for solid material in a volumetric analysi 
is not without precedent (4 

Note 3.—For the macro analyses reported in thi 
paper, reagent quality bromine has been used by the 
authors without purification. If there is a blank of 
more than 0.2 cc. of whatever strength thiosulfate 
solution is employed (depending on the size of 
sample and aliquot), the cause may be the iodine 
content of the bromin«s The bromine may then be 
purified, as by the method of Karns and Donaldson 

5). 

Note 4.—The bromine oxidation described ha 
been found to be general. However, in the routin 
determinations of compounds of high iodine content 
where the weight of the sample does not exceed 0.25 
Gm., the boiling step can be omitted, provided that 
care is used in avoiding a large excess of bromine 
In this modification, the aliquot is first acidified with 
the phosphoric acid, and bromine is added slowly 
until the shade of the solution approaches that of a 
solution of 250 cc. of water containing 1.5 cc. of 
saturated bromine water The brownish 
which appears at first must not be confused with the 
golden yellow which subsequently develops when 
bromine is in excess After the addition of bromine, 
the solution is allowed to stand two to three minutes, 
and the excess bromine removed by addition of 5 c« 
of the phenol solution. In this way the time re 
quired to boil and cool the solution is saved 
Note 5.-—Solutions of thiosulfate more dilut« 

V may be used by taking aliquots smaller 
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than 


0.1 than 
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200 cc. A 50-cc. aliquot then requires 4.5 ce, of the 
1+ 1 phosphori ac id, and 100 cc requires & cc of 
the acid [hese amounts should be measured care. 
fully as they are designed to bring the acidity Close 
to pH 2.5. When 0.01 N or 0.005 N thiosulfate is 
employed, as for micro samples, the starch ind 
must be specially prepared For 
arrowroot starch is treated with a 
volume of hydrochloric acid in 
rhe suspension 1s allowed 


icator 
Purpose 
olution of 1 
3 volumes of water 
to remain at 20° C. for 


this 





twenty-four hours, filtered, washed carefully with 
water containing a few drops of ammonia, and thre, 
times more with water; it is then dried in a desic- 
cator A 0.5 solution is made by adding the 
tarch, triturated with a little water, to boiling 
water and allowing the ebullition to proceed for ong 
minute Che cooled solution may be preserved by 
the addition of 20°; of odium chloride, although for 
careful work it should be freshly prepared. Tep 
cubic centimeters of this solution is used for 200 e& 
of solution being titrate 
raABLe I RESULT F DETERMINI [IODINE | 
ORGANIC CoM! DS BY VARI S METHODs 
I 
Compo i M ’» Method XII A " Cheor, 
Petraiodophenol 60.7 (5) 60.8 (4 
phthalein, Sod 
ium U.S. P. (free 
acid 
Chiniofon, U.S. P. 27.8 (2 J7 .t 
Caleiut 2 
hen 
Phym ; , 
Ss FP 
lodoform (N. I ”.1(2 96 2 
\ | 
a y 
C-H.O! {8.4 } 48.4 
C,HO,! 62.5 (2 62.8 
CiwH 9031-4 02.8 52.9 
C,,;HyOsNSI 1.5 ih f 
made 
° Tr lot ‘ i tat 
m. p. (98-09 
Glyce ol 2 iy i ‘ £ nm pv 
4 Diiodomethoxypher y benzaldehyde recrystallized t 
constant m. p 
¢ Tosyl ester of diiodonitroph« sl recrystalliz to constant 
m p 


DISCUSSION 


Results of analyses, by this method, on 
four United Pharmacopceia 
pounds, one National Formulary compound 
and four other organic 1odide compounds are 
shown in Table | In duplicates 
checked within four parts per thousand and 
in most cases within two parts per thousand, 
Che maximum variation encountered was 
with tetraiodophenolphthalein. The results 
of five analyses were 60.3, 60.5, 60.7, 608 
and 61.0%, 10odine Che loss of 10dine during 
ignition negligible, as evi 
denced by the very excellent agreement with 
official methods. (Good results were al 
tained on glycerol iodohydrin, a low-melting 
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compound. However, when the analysis of 
an organic liquid, iodobenzene, was tried 
there was apparently loss of iodine during 
ignition as results were about 4% low. 

The exact role of the manganese dioxide is 
not known. At temperatures high enough 
to effect complete destruction of the com- 
pound in the stated time, omission of the 
manganese dioxide from the combustion 
gives erratic and low results. This does not 
seem to be true when a large amount of or 
ganic matter is present, e.g., when large 
samples of thyroid gland, or feeds containing 
mly a small amount of iodine, are analyzed. 
fhe stabilizing action of organic matter has 
been noted by Johnson and Frederick (3). 

Low results were obtained when 
sodium was substituted for the 
potassium carbonate in the ignition mixture. 
The reverse of this, that is, omitting the 
sodium carbonate in the mixture, offered 
more promise, but has not yet proved itself as 


also 


carbonate 


reliable as the mixture of carbonates sug- 
gested. 


CONCLUSIONS 


1. The method of Johnson and Frederick 
has been shown to be applicable to the 
analysis of pure organic compounds. 

2. The procedure presented shows prom- 
ise of being general for all but the most 
volatile organic iodine compounds. 
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Book Reviews 


1) n Their Chemistry and 
hy H. G. KrRSCHENBAUER Reinhold 
Publ ing Cor iny, New York, 1944 154 pp 
9x 25 « Pri $2.75 
\ tline, while performing a very useful 
ilway yp to criticism because of the 
incompletent of many of its sections 
vhen such a book is measured in terms of 
function it often prov to be worthy Such is 
ise with tl book on fats and oils Intended 
furnish general background material for initiates, 
vides brief, concise information on the funda 
tals of fat chemistry and technology 


The opening section of this handy little volume 1 
mcerned with the constituents of fats. One of thi 

ction is a tabular 
properties of the fatty 
Indeed the generous sprinkling of tabular 


mvet! nt portion ol 


lata book contributes much to its 
sefu 
The chapter on analytical methods will appeal to 
pha wceutical chemist Chis section 1s, how 
ver, of nex ity short and concerned almost 
ntirely witha ef description of standard methods 
and i a itiqu 
Sixty pages of Fats and Oils are given over to a 


liscussion of the technology of fats. Modern and 
methods of fat technology, especially soap 


aking, are outlined here briefly and made clear by 
the us of diagrams and flow sheets 

Che appendix, which includes important historical 

ates, { fatty acid composition of the most signih 


I 


cant fats of commerce, the analytical character of 
fats and waxes, and a bibliography, is an appealing 


feature MELVIN W. GREEN. 
Procedures in Experimental Physics, by JOHN 
STRONG Prentice-Hall, Inc., New York, 1944 


+ 642 pp 15x 23 cm Price, $5.00 

At first glance at the title, this book might not 
appear to be of interest to the pharmacist. How- 
ever, the researcher in pharmacy will find it quite 
useful occasionally 

Procedures in Experimental Physics is intended to 
be a guide to the instrumentation of physics. Since 
many instruments of physics are used in laboratory 
procedures in pharmacy, this will be found a useful 
guide to the making and repairing of these instru- 
ments 

lo review a book of this type is difficult for one 
who has had so little experience in instrumentation. 
A cataloguing of some of the more pertinent opera- 
tions described might help the reader to determine 
its scope. Fundamental operations in glass blow- 
ing, work at the optical bench, the technique of high 
vacuum, the use of fused quartz, electrometers and 
electroscopes, Geiger counters, the measurement of 
radiant energy, photoelectric cells, notes on research 
materials such as alloys, individual metals, soap- 
stone, etc., instrument design, molding and casting 
all of these topics and many more are discussed and 
amply illustrated Chis is a convenient book for 
the shelves of a research laboratory.—-MELVIN W. 
GREEN 
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Identification of Sulfapyrazine through Ultraviolet Fluorescence of T 
2-Aminopyrazine* 


By Harry W. Raybin 





Neutral solutions of 2-aminopyrazine (1), 
the pyrolysis product of sulfapyrazine, have 
been found to give an intense blue-violet 
fluorescence in the ultraviolet, most vivid in 
the 3650 <A. The characteristic 
blue fluorescence is not given by 
solutions (filtered) of the 
compounds: sulfapyrazine, sulfadiazine, sul 
famethyldiazine, sulfadimethyldiazine, sul 
fathiazole, succinylsulfathiazole, sulfanil 
amide, suliaguanidine and_ sulfapyridine. 
Also negative are uminopyrimidine, 2 
amino-4-methylpyrimidine and 2-amino-4,6 
dimethylpyrimidine. The fluorescence is 
easily visible in a dilution of one part per 
million. 

Three of the sulfa drugs at presen 
U.S. P. All 1944 New and 
official Remedies, i.e., sulfadiazine, 
pyrazine and sulfat 


region 
aqueous 
following sulfa 


) 


t in the 
Non 
sulfa 
sulfamethyld1 


nal h 
Liita the 


hneraZine 


azine) give crystalline pyrolysis products 
suitable for identification purpose How 
ever, the melting points of sulfadiazine, 250 
254° C., and its pyrolysis product 2-amino 
pyrimidine, 126-127" C. (after recrystalliza 
tion), and of sulfapyrazine, 252-256° C 


product 2 


and its pyrolysis uninopyrazine, 


120—122° C., are fairly close. Sulfamerazin«e 
melts at 235-236° C ind its pyrolysis 
product 2-amino-4-methylpyrimudine at 159 
lo] C. (recrystallized 

Sulfadiazine is readily distinguished by 


the fact that its pyrolysis product, 2-amuno 
pyrimidine, gives a color reaction with 
resorcinol (2 

The blue fluorescence in the ultraviolet 
now reported 1s characteristic for aque 
solutions of 2-aminopyrazine, and thus for 


ous 


*} } fr t ( r 
B " I la I " . 
Healt 

1 Ack W | 
I) t h ! ' ) th 
Westin " \ act D 
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asure 


sulfapyrazin¢ he fluorescence is easily 
visible in a dilution of one part per million, ’ 

The test readily lends itself to miego. 
technique \iter performing the melting 
point determination on sulfapyrazine, th 
capillary melting-point tube is kept in the 
bath at melting-point temperature (254° ¢. 
for three minutes to obtain sufficient 2. 
amin for the test. The capillary, 
wiped clean of bath fluid, is cut off above the 
charred lower end, and the upper end ground 
with 5 cc. distilled water in a mortar. The 
filtered solution is then observed in 


OTny Tlé¢ 
| Ta l 


t source 
of ultraviolet in the dark room (2'/> watt 
argon glow lamp 1s sufficient) (3 \ filtered 
solution of sulfapyrazine serves as a nega 
t1 é cr tt i 

SL MMARY 
Neutral luts ummnopyrazine, the 
vrolysi roduct sulfapyrazine, give 
characteristic blus let fluorescence in the 
ultraviolet suitabl r identification pur 
pose 
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e of The Pharmacologic Action of Certain Lycopodium Alkaloids* 


By Henry M. Lee and K. K. Chen‘ 





easily The genus Lycopodium, family Lycopodia- Dr. Richard H. F. Manske, six of these 
ion, eae, or the club mosses, has been of inter- alkaloids were made available to us for a 
nicro- | ost in medicine by virtue of the fact that the pharmacologic study. They are lycopodine, 
lting- | sores of one of the species, L. clavatum, complanatine, obscurine, annotinine and 
the | pave been used as a dusting powder. It two unnamed principles designated L8 and 
n the | has been known for a long time that some L9. The first three were derived from L. 
¢ species of Lycopodium contain alkaloids. complanatum, and the last three from L. 
nt 2- | padeker (1) first described lycopodine, iso- annotinum. For animal experiments, all 
lary, | ted from L. complanaium, to which he _ six alkaloids were dissolved in equimolecular 
ve the assigned the empirical formula, Cy2:Hs2:N2O3;. amounts of hydrochloric acid and diluted 
round § jater, Arata and Canzoneri (2) reported a to suitable concentrations. In most in- 
Che | s9isonous alkaloid obtained from L. sauru- stances, a 1 per cent solution was employed. 
source | ws, which they named pillijanine, with a 
watt emposition of C H.,N.O. Their work was 
tered onfirmed by Dominguez (3). Other publi 
nega erations on this subject are those of Orechoff 
and Muszynski (5). The former worked 
} on the alkaloids of L. annotinum and _ the 
latter on those of five European species, 
a a namely, L. selago, L. annotinum, L. in- 
ad , , yndatum, L. complanatum, and L. clavatum. 
1 the | Achmatowicz and Uzieblo (6) characterized 
ae three alkaloids of L. clavatum. These were 
"1 lycopodine, CieH NO: clavatine, CigHos- 
NO.; and clavatoxine, Ci;Hez;NO,. From 
n Argentine species, L. saururus, Deulofeu 
nd De Langh«e 7) succeeded in isolating Fig. 1.—Action of Obscurine on Blood Pressure 
foe | two new alkaloids, saururine, CHiN, and 4,[at female, veight 2.952 Kg. was deserebrated and pithed. 
their suuroxine, 4 HoNO intravenously rhe epinephrine responses were recorded for 


ake of evaluating the pressor potency of obscurine 


67,} Pharmacologically, the galenical prepara 


" tions of the Lycopodium species have been 1. Blood Pressure.—An intravenous injection of 
S¢ tudied by Oficjalski (8) and Nikonorow (9). 5 mg. (total) of lycopodine in etherized cats was 
1} ; ; followed by a slight, transient elevation of carotid 

thv] some mtormation 1 ilso avalia le concern : : 9 
ny! ; blood pressure. Higher doses, 10-20 mg., caused a 
Cpt ng tile tion of several pure alkaloids. depressor effect in either etherized or pithed cats 
>? Arata and Canzoneri (2) showed that pill Complanatine or obscurine, injected by vein in 
Cor. J nine caused violent convulsions and vomit etherized cats, in the dose of 5 mg. similarly raised 
ental ; ‘ t I i ‘Ss » sligl ° yi - ~é I ~ ine 
| mg in dogs. Achmatowicz and Uzieblo (6 lood pressure slightly. In pithed cats, obscurine 
_ ors : produced a more distinct and sustained rise of blood 
reported that lycopodine, clay atine, and pressure, as illustrated in Fig. 1. The average in- 
| davatoxine stimulated the respiratory _ tensity of pressor value per mg. of obscurine, deter- 
enter in mammals and paralyzed the cen mined in 5 pithed cats, was equivalent to 0.4-0.5 4 
H -¢ f epinephrine. The action of annotinine wa 
Ha tral and peripheral nervous system of frogs. % “Dinepirine elie « - wang 
variable. In one etherized cat, a dose of 5 mg. in- 


At the National Research Laboratories, jected intravenously raised blood pressure to the 
| Ottawa, Canada, Manske and Marion _ extent of 30 mm. Hg, but in another cat the same 
0-14) recently made an elaborate study dose was ineffective. Injections of 10-20 mg. in a 
] third cat resulted in a slight rise. A few observa 
. tions were made with LS and LY. In general, a dose 
of 20 mg. of each had a slight pressor action 
nd L. obscurum. A total of nineteen alka 2. Respiration.—In all etherized cats, respira- 
loids were successfully isolated, seventeen of tory excursions were recorded by the tambour 
method. None of the six alkaloids had much influ- 
ence upon the amplitude or rate of respiration. 
+} ij 44, from the Lilly Research Labora 3. Isolated Smooth Muscle Organs.—Lycopo- 


Lycopodium species, particularly, 


npianatum, ix annoiinum, iristachyum 


which are new. Through the generosity of 


i unapolis, Ind dine and LS in the concentration of 1:20,000 
a vooed meconain ; — ng Be 1:10,000 augmented the peristaltic movements of 
, , t ex} isolated rabbit’s small intestines, immersed in 
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Locke-Ringer’s solution kept at 38° C. Complana- raBLe | Poxiciry or Five Lycopoprum ALKA 
tine, obscurine, annotinine and LY were ineffective LOIDS INJECTED INTRAVENOUSLY IN MiIcp ~ 
in the same concentrations When tested on iso 
lated rabbit’s uterus, immersed in Tyrods olution Dose, No. Died LDw +S. ’ 
maintained at 38° C., lycopodine, complanatine, Alkalo Mg./Kg. No. Used Mg./Ke. 
obscurine and L9 all caused contractions in dilutions : 
of 1:40,000-1: 10,000, lycopodine being the most Lvcopodi 99 5 /8 7.58 + ] 
powerful In the same dilutions, annotinine wa eR 7/1 ; lf 
ineffective. Lycopodine, L8 and L9 contracted 7 5 ; 1g Ma 
isolated guinea pig’s uterus, also with concentration 1) -/2 porte 
of 1:40,000 1: 10,000 Annotinine was again in 29 0 G/2 poisor 
active 26 5 “/8 were 
4. Frogs.—Lycopodine in doses of 0.1-0.2 mg mW 0 Q/R ia 
per Gm. of body weight, injected into the ventral Complanatine 12 5 g Q7 0 4 payud 
lymph sac, caused incoordinate movements leading 40 x , ultenu 
to complete paralysi One animal injected with 16.0 . 1.45 p 
0.1 mg. of complanatine per Gm. acted similarly. ig the st 
Doses of 0.1 and 0.2 mg. of annotinine per Gm ( cu 62.0 ‘ 9 11% t; : 
were without effect, but one of 0.4 mg. per Gm 0) . —s ave 
caused ataxia, while one of 0.6 mg. per Gm. led to en 0) »/® tone a 
complete paralysis. L9 in the dose of 0.2-0.4 mg 10.0 2/8 aniou! 
per Gm. provoked incoordinate movements much in 100.0 B presen 
the same manner as induced by the other alkaloids A nnotini 00.0 )/8 114.6 «= Ses we it 
No studies were made with obscurine or LS on ac- 100.0 ? — 
count of insufficient material 110.0 1/16 
5. Experimental Malaria.._Manske and Marion 25 8 
(11) demonstrated that lycopodine upon dehydro ) g/R 
genation yields a mixture of five bases, two of which Lo “] 1) 28 = 1 49 
have been identified as 7-methyl quinoline and 5:7- 6.5 1/8 
dimethyl! quinolin« It seemed desirable to test wO0 1/8 
lycopodine for any antimalarial activity in view of 5 0 /2 
the present-day interest in quinine substitutes, the 0.0 7/8 
latter and pamaquine being also quinoline deriva- 65.0 3/8 V atten 
tives. Ducklings were infected by transfusion with Vt 
Plasmodium lophura Lycopodine in the doses of 1 Sar 
and 10 mg. per Kg. per day was injected intrave 
nously for five day: No disappearance of parasit tine, obscurine and L9 stimulate the iso Samn 
emia occurred [he alkaloid was therefore in 11.24) 
olieedinie lated rabbit’s uterus. Lycopodine, Ls 
6. Acute Toxicity..—By intravenous injection i ind LY contract isolated guinea pig's uterus 
albino mice, the median lethal dos + standard 5 Lv opodine, a quinoline derivative 
errors of lycopodine, complanatine, obscurine, anno- has no antimalarial activity in ducklings. 
tinine and L9 were determined, as shown in Table I ‘ , , 
Complanatin¢ is the most toxk , and annotinine the 0 ycopoaine, comp! inatine, annotin Mar 
least toxic, alkaloid. It should be recalled that th ine and LY in sufficient doses cause muscular ,; 10Ono 
action of annotinine is relatively feeble on bloo incoordination and paralysis following in des ’ 
pressure and mooth muscl organs. Che activity jection into the lvmph sac of frogs ae 
and toxicity of the alkaloids probably run paral . gen ae hag. yer ws — icotin 
lel. Lethal doses of all five alkaloids caused co $. SRE LOSER OF LYCOpOdae, CO ae 
yulsion Near-lethal doses also produced convul tine, obscurine, annotinine and L9 has been meet: 
sions, but the animals promptly recovered determined in mice by intravenous injec be 0 »¢ 
oes saan fencnen ken | nas : oul oe 
tion, complanatine being the most, and picrate 


SUMMARY innotinine the least, toxic. om 
ipsenc: 


l. A preliminary, pharmacologic study since it 


has been made with six Lycopodium alka REFERENCES that tl 
loids: lycopodine, complanatine, obscurine, nates eA _ = proximn 
annotinine, LS and LY. rata, P meri, R 2,| nicotin 
2. Appropriate doses of these alkaloids ~~ y= ; nt crystal: 
injected intravenously in cats raise arterial 7% 93409)... naa pure ni 
blood pressure. Obscurine has the most 5) Mussytsk bid., 273, 452(1933 3 194] re 
pronounced pressor action. 18, 88(1938). lid of 
3. The above alkaloids have no effect 44 18h yuma em. So, content 
upon the respiration of anesthetized cats 8) Oficjalski, P.. Bull. sci. j acol., 44, 470(1987).. traces 
when injected intravenously. 10) Manske, R' H. F.. and Marion, 1 » esearch] POSSIDI) 
4. Lycopodine and L8 augment the 7B, S7{}042). smith 
peristaltic movements of isolated rabbit's 12 [bid 1B, 2(194 hylla 
small intestines. Lycopodine, complana 14) Lid >. SS. Lec 
[ 
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Paine Alkaloids in Nicotiana attenuata and Nicotiana trigonophylla* 
I 
, 
“ By C. Verne Bowen 
] 
Marsh, Clawson and Roe (1) in 1927 re- tine and no nicotine. They did not make any 
ported on certain wild tobaccos as stock- analysis of N. attenuata. 
noisoning plants. The species investigated Recently described methods of analysis 
were Nicotiana attenuaia and N. trigono 5, 6) now make it possible to determine 
hylla. Couch (2) in 1927 reported that V. nicotine and nornicotine readily when pres- 
1.46 attenuata contained nicotine to the extent of ent together in plant material. Analyses by 
1.45 per cent in the leaves, 0.48 per cent in one of these methods (5) are given in Table 
the stems, and 0.25 per cent in the roots. I for samples of Nicotiana attenuata from 
1.29 «In view of the knowledge regarding nornico near Twin Falls, Idaho, and N. trigonophylla 
tne at that time, it was possible that small from near Tucson, Ariz. The melting points 
niounts of this alkaloid may have been of the picrates of the mixed alkaloids, both 
present but were not detected by the means’ before and after methylation, are given as 
2.94 sed to identify the alkaloidal material. confirmation of the nornicotine (7). The 
, TABLE | ALKALOID CONTENT OF Nictoiana attenuata AND N. trigonophylla 
Analysis, % 
Picrate Melting Point : Nornicotine 
Portion ‘or ( in Total 
f Plant Origina Methylated Nicotine Nornicotine Alkaloid 
) \crial 213-225 224-235 1.90 0.14 6.9 
Sas = 1 plant Aerial None 0.08 100 
Root 180-182 223-224 0.05 0.31 86 
1e iso. - Sample 2 (large plant \crial lrace 0.25 100 
r< Root 1é/-179 224-225 0.05 0.32 87 
Cc. i — 
uter 
valive 
ings. 
noun Marsh, et al, (1) in discussing Nicotiana larger amount of alkaloid in the roots is 
uscular sisonophylla stated that “the characteristic inte resting. The total steam-volatile alka- 
Ng ™ picrate is sufficient to identify the alkaloid as_loids from N. attenuata were also analyzed 
icotine. The quantity of nicotine in the according to Markwood’s method (8), giv- 
platla- ant was determined, using the silico ing 1.82 per cent of nicotine and 0.14 per 
s been tungstic method of Shedd, and found to cent of nornicotine. 
INJEC” be 0.39 per cent The appearance of the It should be remembered that the alka- 
t, ane sicrate crystals is not reliable in showing the oid content of a plant varies according to 
ibsence of alkaloids other than nicotine, the soil foods, plant age, flowering, seed 
ince it has been observed in this laboratory formation and other horticultural practices. 
that the presence of nornicotine up to ap- Consequently, any one analysis is not repre- 
proximately 20 per cent in a nicotine-nor- sentative of all plants of the species. 
2,|mcotine mixture does not produce picrate 
rystals appreciably different from those of 
pure nicotine. Shmuk and Borozdina (3) in REFERENCES 
194] reported nornicotin as the main alka 1) Marah. C. D., Claween, A. Band Rea. 6. C.U.8 
ud of .V. trigonophylla with a total alkaloid Dept. Agr. Tech. Buli., 22 (1927), 23 pp., illus. . 
ontent of O.12 per Ce nt and containing 3 Shenak - \ —- seseniiiia, Lk” Combes teak. acad 
137 traces of tertiary PS ridi¢ alkaloids and, ‘) Smith "sh tl ana tmith C. R., J. Agr. Research, 65, 
possibly, also of nicotine And in 1942 34 7-59(1942). 
Smith and Smith (4) reported N. trigono ain hee eee 
teem. : "A, > 1 ~ " aan Adenkatete * af) Markwood, |! N J { Official Agr. Chem., 26, 
Department of Agriculture, Beltsville, Md 183-89(1943 
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Handbook of Chemistry. Fifth Edition. Compiled Carefully controlled studies were made on many 
and edited by NorBERT ADOLPH LANGE. Hand physiological functions such as hematology, effec 
book Publishers, Inc. Sandusky, Ohio, 1944 on circulation, liver damage, basal metabolism aa 
xvi + 1777 pp., Mathematical Appendix 271 pp In general, it was agreed that the positive action 
13 x 20 cm Price, $6.00 noted are due to forms of central excitation trans 
A book which has undergone five revisions during mitted through the autonomic nervous system and 

the short period of ten years and is seen on the desk "ot a direct action on the organs themsely 

of nearly every pharmaceutical chemist in the rhe psychological phase of the study indicates 

United States scarcely needs to be reviewed quite clearly that mental impairment is concop 
Essentially the same tables found in former mitant with the taking of marihuana and is roughly 

editions are to be found in this one. These older proportional to the dose taken Mental deteriora 

tables have been augmented to occupy, with the tion does not appear to take place, however: Emo 
new tables, 174 additional pages. The table of tionally, persons with limited capacity for affectiy 

Physical Constants of Organic Compounds has been experience who have difficulty in making social co, 

revised to contain 6507 organic compounds with a tacts are more likely to resort to the use of the drug 

corresponding list of 3500 synonyms. The addition i order to overcome these factors at least tempor 
of Beilstein references, wherever possible, is a con arily 

venient feature of this section. Morphine and heroin addict it Riker’s Islaad 
Ihe tables added for the first time in this-edition Penitentiary wert tudied with a view to using 

are: periodic table, flammable liquids, flame tetrahydrocannabinol as. a _ replacement. Whik 

temperatures, plastics, fluorescence of chemicals, Only a total of 56 addicts were studied, the impre 
minerals and gems, and water for industrial us« ion was gained that those receiving the tetrahydro 

This handbook is used very frequently for con cannabinol had less severe withdrawal symptoms 
venient reference in the Laboratory of the AMERICAN Probably this aspect of the survey deserves further 

PHARMACEUTICAI ASSOCIATION. —MELVIN WwW study 

GREEN lo pharmacists, particularly those who are inte, 

ested in research, the tion of this book dealing 
with pharmacological aspects will be the most | 


a. Ss q — ) - » th. P \ Vy, . > . . ~ —s 
The Marihuan ine Cily oF New 4 rk, by interesting This review is centered about ¢} —— 
Mayo Ma The , ’ : 


PHE (OR 2 Ses eee ON — ANA chemical and pharmacological identification of th . . 
Jaques Cattell Press, Lancaster, 1944 xn + principles of het ' in atte t is made t Vol. d 





20 pp. 15x 23cm. Price, $2.50 active |} ) , 
onl PI oo CM » o- coordinate chemical structure with physiological | 
For over a decade, marihuana has been rumored activity. Of over 65 stance tudied, tetra 
to play an important role in crime and social deca hydrocannabinol was shown to be the most active 
dence. At the insistence of the rumor, Mayor A thorough pharmacological study was made on this \, 
LaGuardia requested the New York Academy of compound as well as on several other That 
Medicine to make a complete survey of the problem the action is a basically central stimulant 
as it applied to the city of New York. The result, indicated by the fact that amphetamine augments 
which is here reviewed, comprises an excellent broad the ataxia while amytal has no effect Chis study 9 
survey of the social, clinical, pharmacological and is extraordinarily complete for a survey of this typ e 
chemical implications of this drug and many interesting facts wi brought to light 
rhe sociological phase of the marihuana problem MELVIN W. Gre! 
is as fascinating as a detective story. It is of in 
terest to note that, while the use of the drug is wide- 
spread in Manhattan and centered in Harlem, its \ 
moking among school children is not very wide 
spread and it is not a serious contributor to juvenile ' ; , ” 
delinquency. The distribution of this drug is not ~‘4!#S!tca A ijusiment » DY We EDWARDS 
an organized racket as in the case of the more DEMING, John Wiley and 5 MS, .Vew York, 1938 = 
7 + 261 pp $x 20.5 ¢cm Price, 35.00 r 
catastrophic morphine market In the opinion of N 01 pp., 3 ’ 
this deliberating body, marihuana is not a deter Adjustment of data is t tral tl express 
mining factor in the commission of major crimes in this book. In scope the book is purely suppl 
To the reviewer it appears clear that the Commit mental and is intended for the initiated. To the | 
tee does not believe the problem is much above the person without a knowledge of the fundamentals of T 
“nuisance’’ level. The Committee is to be com statistical mathematics this text will be of little us 
mended for reporting what it finds without resorting lo the specialist, however, it will aid in the solutior 
to propaganda and, above all, for avoiding hysteria of many specialized problems in sampling ) 
Much of the press attack against marihuana is apt rhe book is divided into five part Part A di 
to intensify the problem cusses simple adjustments In Part B re com- =—— 
The clinical study involved in this report is plicated problems are solved by the method of least 
irranged under the following broad headings square Parts C and D deal with conditions wit 
medical aspects, psychological aspects, comparison and without parameters while Part E deals wit 
between users and nonusers from the standpoint of special exerci und note Examples are carefully 
mental and physical deterioration, addiction and elected from forestry, general commerce, the] 
tolerance, and possible therapeutic application physical sciences and other field M. W. Greev. | 





